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Abstract. This paper describes a case study of petroleum-contaminated soil/sediment samples which were analyzed using 
gas chromatography-flame ionization detector (GC-FID) for total petroleum hydrocarbons (TPH), volatile aromatic com-
pounds: benzene, toluene, ethylbenzene, and xylenes (BTEX) and naphthalene by GC-MS, and oil and grease (O/G) con-
tent by sonication in hexane. The ratio of (TPH) / (O/G) shows that the hydrocarbon fraction is between 7% and 87%. The 
content of volatile organic fraction BTEX accounts for only a small proportion of total TPH, and the ratio of (BTEX) / 
(TPH) ranges from 0.1% to 0.6%. It should be stressed that the use of TPH methods as against gas chromatography must 
be done with care because the potential risk posed by BTEX compounds may not be adequately addressed.  
Keywords: soil/sediment, oil/grease, total petroleum hydrocarbons, volatile aromatic compounds. 
 
1. Introduction 
When petroleum products are released to the environ-
ment, physical, chemical, and biological processes 
change the contaminated site. Petroleum hydrocarbons 
released to the ground may move through the soil to the 
groundwater (Riccardi et al. 2008; Pawlak et al. 2008; 
Wang et al. 2002). Individual contaminant compounds at 
the site may separate from the original mixture, depend-
ing on the chemical properties of the compounds. Some 
of these compounds evaporate into the air (Laškova et al. 
2007; Paulauskienė et al. 2009) and others will dissolve 
into groundwater and move away from the release area. 
Other compounds will attach to particles in the soil and 
may stay in the soil for a long time, while others will be 
broken down by the organisms found in the soil (Re-
search Triangle Institute 1999).  
Petroleum hydrocarbons (PHCs) are common site 
contaminants, but they are not generally regarded, and 
hence, regulated as hazardous wastes. PHCs indicate deg-
radable and biodegradable properties in soil, water and 
sediment environment (Fedorak, Westlake 1981; Mills 
1994; Prince et al. 1994; Leahy, Colwell 1990). The hyd-
rocarbon analyses can be used for environmental asses-
sment of remediation (Douglas et al. 1991) or soil 
bioremediation (Korda et al. 1997; Jørgensen et al. 2000). 
The term total petroleum hydrocarbons (TPH) is used to 
describe a broad family of several hundred chemical 
compounds that originally come from crude oil. It is use-
ful to measure the total amount of all hydrocarbons found 
together in a particular sample of water, soil, or air. TPH 
is defined as the measurable amount of petroleum-based 
hydrocarbon in environmental media (Research Triangle 
Institute 1999; Gustafson 1997). 
Re-refined petroleum products, e.g., gasoline, diesel 
fuel, used engine oil constitute a major class of contami-
nants for environmental investigators. Volatile aromatic 
hydrocarbons BTEX in unleaded gasoline contain benzene, 
toluene, ethylbenzene and xylenes in concentration above 
10,000 ppm for each compound in the ratio (1:5:1:5). In 
diesel fuel, BTEX compounds are present in concentration 
of about two orders of magnitude lower than gasoline in 
the ratio (1:3:2:14) for benzene, toluene, ethylbenzene and 
xylenes (Romeu 1990). The approximate carbon numbers 
for individual hydrocarbon products present in petroleum 
products are as follows: gasoline (C6 – C12), diesel (C8 – 
C26), kerosene (C8 – C18), fuel oil (C17 – C26), and lubrica-
ting oils (C21 – C50) (George 1994). 
Lubricating engine oil is a petroleum product that is 
a complex mixture of low and high molecular weight 
aliphatic and aromatic hydrocarbons (C21 – C50), metals, 
and additives. Additives (which can account for up to 
20% of the weight of oil formulations) include detergents, 
metallic salts (e.g., molybdenum and zinc salts), and or-
ganometallic compounds. Metals (e.g., cadmium, lead 
and zinc) and polyaromatic hydrocarbons (PAHs) have 
been demonstrated to increase in oil with continued use in 
an engine (IARC 1984). 
An oil and grease (O/G) contaminants are defined as 
any material recovered as a substance extracted in the form 
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of organic solvent from a sample, and are composed pri-
marily of fatty matter from animal and vegetable sources, 
hydrocarbons of petroleum origin, sulfur  compounds, cer-
tain organic dyes, and chlorophyll. Many solvents are used 
in the determination of O/G: petroleum ether, trichloro-
trifluoroethane, a mixture 80% n-hexane + 20% methyl-
tert-butyl ether, and currently n-hexane (Standard methods 
1995). Methods developed for monitoring O/G included 
EPA 413.1, 1664, 9071A, and Standard Method 5520E. If 
O/G is present in excessive amount, it may interfere with 
aerobic and anaerobic biological processes, leading to a 
decrease in wastewater treatment efficiency. The know-
ledge of the present O/G quantity is helpful in the proper 
design and operation of wastewater systems and also for 
identifying treatment difficulties. 
The TPH value represents a mixture of compounds 
and can be obtained from one of several analytical me-
thods, some of which have been used for decades and 
others developed more recently, namely, EPA 418.1, 
8015B, 1664 and 8020B. EPA method 418.1 provides a 
“one number” value of TPH in an environmental medium; 
it does not provide information on the composition (e.g., 
individual constituents of the hydrocarbon mixture). The 
amount of TPH measured by this method depends on the 
ability of the solvent used to extract the hydrocarbons from 
the environmental medium and the absorption of infrared 
(IR) light by the hydrocarbons in the solvent extract. At 
this juncture, it should be noted that the EPA method 418.1 
is not specific to hydrocarbons and does not always indica-
te petroleum contamination. Method 418.1 has been one of 
the most widely used methods for determining TPH in soil 
analysis. Freon-extractable material has also been reported 
as O/G. Polar components may be removed by treatment 
with silica gel, and material remaining, as determined by 
IR-spectrometry, is defined as TPH. Therefore, EPA me-
thod 1664, “n-Hexane Extractable Material (HEM) and 
Silica Gel Treated n-Hexane Extractable Material (SGT-
HEM) by Extraction and Gravimetry (Oil and Grease and 
Total Petroleum Hydrocarbons)”, will replace the methods 
using Freon-113 (US EPA method 1664, 2002).  
Another analytical method commonly used for TPH is 
gas chromatography-flame ionization detector (GC/FID), a 
modified EPA method 8015B. The underground storage 
tank programs started in the mid-1980s, and they are ca-
pable of addressing groundwater contamination problems 
precisely. This gas chromatography (GC) method, coupled 
with specific extraction techniques, can provide informa-
tion on the product type relative to values from chromatog-
ram with benchmarks. Hence, there is a growing trend in 
the use of GC techniques in the analysis of soils and sedi-
ments. One aspect of this is that “volatiles” and “semivola-
tiles” are determined separately. The volatile or the 
gasoline range organic (GRO) components are recovered 
using purge-and-trap or stripping techniques. The semivo-
latile range is determined by the analysis of an extract by 
GC/FID and is referred to as diesel range organic (DRO). 
The results are most frequently reported as single numbers 
for purgeable and extractable hydrocarbon (US EPA me-
thod 8015B, 1986). Analytical methods that can provide 
more detailed information on the components of petroleum 
than traditional/standard methods are developed (Wang, 
Fingas 1997; Mills et al. 1999; Mc Kenzie et al. 1983; 
Roques et al. 1994). 
The focus of this study was to identify and characte-
rize O/G, TPH and BTEX and naphthalene in soil/ 
sediment samples. It continues an earlier publication con-
cerning the determination of heavy metals, volatile aro-
matic compounds in used engine oils and sludges 
(Rauckyte et al. 2006). 
2. Methods 
The starting materials were obtained from “naturally” 
contaminated sites in a petroleum refinery at 5–10 cm 
deep. Soil samples 1–4 were taken from the area of so 
called petrochemical complex, and samples 5–9 from the 
refinery complex. Sediments for samples 10–11 were 
taken from retention containers storing groundwater and 
rain water from the refinery complex and samples 12–13 
from the same containers but storing water from the pet-
rochemical complex. In case of samples 14 and 15, they 
were taken from water pumps containers: 14 from the 
refinery complex and 15 from the petrochemical com-
plex. Samples from this refinery were prepared and ana-
lyzed in accordance with EPA procedures and methods: 
9071A, 8015B, and 8020B.  
The oil/grease EPA method 9071A is a procedure 
for extracting nonvolatile and semivolatile organic com-
pounds from solids such as soil, sediments, sludges, and 
industrial and domestic wastes. The sonication process 
ensures the intimate contact of the matrix with n-hexane 
during the extraction. The method is not applicable to 
measure light hydrocarbons that volatilize at temperature 
below 70°C (US EPA method 9071A, 1994), with the 
method reported limit (MRL) of 50 ppm. 
The TPH were measured by EPA method 8015B gas 
chromatography/flame ionization detection (GC/FID) 
with reported method of limit 10 ppm for soil/sediment 
(US EPA method 8015B). 
The gas chromatography-mass spectrometry (GC/MS) 
method 8020B was used for analysis of benzene, toluene, 
ethylbenzene, xylenes, and naphthalene (BTEX) in 
soil/sediment samples. The reporting limit was 0.025 ppm 
for benzene, toluene ethylbenzene, m-xylene and 0.050 ppm 
for o- and p-xylene and naphthalene. The standards were 
prepared as specified in EPA method 8020B (US EPA me-
thod 8020B, 1992). 
3. Results and discussion 
The results of the oil/grease, total petroleum hydrocarbon 
and volatile organic compounds are presented in Table 1. 
The oil/grease in soil samples (n = 9) ranged from 
100 ppm to 2400 ppm, and in sediment samples (n = 6) 
ranged from 3400 ppm to 13800 ppm. A similar trend 
was observed for total petroleum hydrocarbon (TPH) 
levels which in soil samples (n = 9) ranged from 20 to 
400 ppm, and in sediment samples (n = 6) ranged from 
850 to 1250 ppm. The mean ratio of (TPH) / (O/G) in soil 
samples ranged from 7% to 87%, and in sediment sam-
ples ranged from 8% to 27%. 
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1  soil 2400 400 16.7 Benzene (0.35), ethylbenzene (0.13), xylenes (0.28) 0.19 
2  soil 280 90 33.2 Benzene (0.03), ethylbenzene (0.10), toluene (0.03) 0.18 
3  soil 150 130 86.7 Toluene (0.10), xylenes (0.06) 0.12 
4  soil 220 40 15.9 Benzene (0.03), toluene (0.13), xylenes (0.08) 0.60 
5  soil 170 65 41.2 Toluene  (0.08), xylenes (0.06) 0.17 
6 soil 
 
1000 140 14.0 Benzene (0.03), ethylbenzene (0.15),  toluene (0.03), 
xylenes (0.05) 
0.19 
7 soil 100 80 80.0 Benzene (0.03), toluene (0.03), xylenes (0.24) 0.38 
8 soil 290 20 6.9 Ethylbenzene (0.03), naphthalene (0.05), xylenes (0.03) 0.16 
9  soil 1700 340 20.0 Benzene (0.12), ethylbenzene (0.10),  toluene (0.08), 
xylenes (0.30) 
0.22 
 10 sedim 11900 1250 10.5 Benzene (0.50), naphthalene (0.10), xylenes (1.20) 0.12 
11 sedim 11400 1100 9.6 Benzene (0.51), ethylbenzene (0.25),  toluene (0.22), 
xylenes (0.23) 
0.11 
12  sedim 13800 1160 8.4 Benzene (0.30), ethylbenzene (0.23), xylenes (0.77) 0.11 
13  sedim 7500 1050 14.0 Benzene (0.53), ethylbenzene (0.35), xylenes (0.38) 0.12 
14  sedim 3400 850 25.0 Benzene (0.29), toluene (0.12), xylenes (0.78) 0.14 
15  sedim 3400 900 26.5 Benzene (0.15), ethylbenzene (0.46), toluene (0.17),  
xylenes (0.39) 
0.13 
Quality control (QC) parameters: Reference standard material, SRM (85–115% recovery), Continuing check standard, CSTD (80–
120%), Lab spike blank, LSB (85–115%), Lab spike blank duplicate, LSBD (85–115%), Lab spike matrix, LSM (80–120%), Lab 
spike matrix duplicate LSMD (80–120%). 
a Accuracy (% recovery) and precision (relative % difference) of O/G, TPH and BTEX analysis: Accuracy was determined as a ratio 
of LSB(found) to LSB(true) (85% to 115%), or as a ratio of LSM(found) to LSM(true) (80% to 120%); the precision was determined by cal-
culating the difference between the results found for the LSB and LSBD, and then dividing the difference by the average of the two 
results (3% to 8%). 
 
A linear relation between TPH and total O/G was 
observed (Fig. 1). This can be expressed: TPH = 
0.153x + 37.7, R2 = 0.897 for soil samples (n = 9), and 
the relation: TPH = 0.032x + 781.0, R2 = 0.861 for sedi-
ments samples (n = 6). The total petroleum hydrocarbons 
from soil samples were effectively five times more con-
centrated than for sediment samples. The BTEX results in 
Table 1 indicate that the volatile fraction of aromatic hyd-
rocarbons accounted for only a small part of the total 
TPH for contaminated samples and the ratios of 
(BTEX)/(TPH) ranged from 0.1%  to 0.6% . 
A good correlation between measured BTEX and 
TPH was obtained (Fig. 2). This yielded the relation: 
BTEX (ppm) = 0.0011 TPH (ppm) + 0.129; R2 = 0.955, 
n = 15.  Based on this correlation, the background BTEX 
(TPH = 0 ppm) was further estimated to be ~ 0.115 ppm 
for this contaminated site. The most contaminated area by 
BTEX was 1.8 ppm at the same site (TPH was 1300 ppm). 
Until recently, routine TPH analyses in soil samples 
have been performed by means of IR spectrometry me-
thod 418.1 (Standard methods 1995; ISO.TR 11046, 
1992). However, this method is no longer supported by 
international standardization since the ban of 1,1,2-
trichlorotrifluoroethane as an extraction agent, and was 
replaced by gas chromatography/flame ionization detec-
tion (GC/FID) after extraction with a halogen-free solvent 
(US EPA method 8015B, 1986; ISO/DIS 16703, 2001). 
The results of TPH obtained from 155 participants 
laboratories in three proficiency-testing rounds were 
compared in soil by IR – spectrometry and gas chroma-
tography (Becker et al. 2002). Participants were supplied 
with soil samples with different levels of mineral oil con-
tent. Two methods: 418.1 IR – spectrometry and 8015B 
GC/FID-gas chromatography were compared with soil 
samples for analyzing TPH.  
The results obtained with both methods were compa-
red using 1,1,2 – trichlorotrifluoroethane (with IR quan-
tification) and n-hexane (with GC/FID quantification) as 
the extraction solvents. The agreed value of the means 
obtained with (GC/FID) were typically 10% to 20% (ran-
ging between 0% and 25%) higher than those found with 
IR-spectroscopy (Becker et al. 2002).  
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Fig. 1. Correlation between total petroleum hydrocarbon (TPH) and oil/grease 
 (O/G) in soil and sediment samples 
 
 
Fig. 2. Correlation between volatile aromatic fraction (BTEX) and total petroleum hydrocarbons  
(TPH) in contaminated soil and sediment samples 
 
Table 2. Minimal risk levels (MRL) and cancer classification for total petroleum hydrocarbon (TPH) components 
Chemical MRL (inhalation)a, ppm MRL (oral) EPA cancer classificationb 
Gasoline na nac na 
Diesel oil 0.02 mg/m3(AC) na group D 
Engine oils na na na 
Jet fuels 9 mg/m3 (IN, JP-4 fuel) na na 
Benzene 0.05 (AC), 0.004 (IN) na group A 
Ethylbenzene 0.2 (IN) na group D 
Naphthalene 0.002 (CR) 0.05 mg/kg/day (AC) group D 
Toluene 0.02 (AC), 1 (CR) na group D 
Xylenes 1 (AC), 0.7 (CR), 0.1 (CR) 0.8 mg/kg/day (AC) group D 
PAHs na 1 mg/kg/day (AC) 
0.6 mg/kg/day (IN) 
group B2d, Dd 
a Duration of exposure: acute (AC)-a duration of 14 days or less, intermediate (IN)-a duration of 15-365 days, and chronic (CR)-for 
365 days or more.   
b EPA cancer classification (group): A = human carcinogen, B2 = probable human carcinogen, C = possible human carcinogen, 
D = not classifiable as to its carcinogenity to humans. 
c na = data not available. 
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d group B2 = benzo(a)anthracene, benzo(b)fluoroanthene, chrystene, dibenz(a,h)-anthracene, indeno(1,2,3-c,-d)-pyrene; group 
D = acenaphthylene, anthracene, fluoranthene.  
The obtained results are comparable with data obtai-
ned by other authors who made analyses of similar cases, 
for instance Taylor, Viraraghaven 1999 determined TPH in 
soil within the range from 2500 to 10000 ppm, and Paavo 
et al. 2008 in the extended range from 100 to 10000 ppm 
with the use of GC/FID technique. Data from Park’s (San 
Juan 2000) paper remained at the same level. In literature, 
it is difficult to find data recording (TPH) / (O/G) and 
(BTEX) / (TPH) relations which were determined in our 
paper. So, the mentioned above relations in case of soils 
greatly depend on the intensity of biological transforma-
tions (Seo et al. 2009; Peng et al. 2008). However, the 
processes which are the causes of these phenomena can be 
used in practice for instance to eliminate VOC (Baltrėnas, 
Zagorskis 2009; Del’Arco, De Franҫa 2001). 
Despite the large number of hydrocarbons found in 
petroleum products, only a relatively small number of 
them were characterized for toxicity. The health effects of 
some fractions can be adequately characterized with res-
pect to their components or representative compounds 
(e.g., light aromatic BTEX fraction (benzene, toluene, 
ethylbenzene, and xylenes) and naphthalene. The Agency 
for Toxic Substances and Disease Registry (ATSDR) 
does not assess cancer potency for TPH components, and 
toxicological information is only provided for some com-
ponents, e.g., minimal risk level (MRL) (Research 
Triangle Institute 1999). 
It is noteworthy that the health effects that are com-
mon to the BTEX compounds are of neurological nature 
(Mumtaz et al. 2004; Robinson, Mc Donell 2004; Pohl et 
al. 2003). Benzene has hematological effect and is classi-
fied in EPA Group A (human carcinogen). Minimal risk 
levels (MRL) and cancer classification for BTEX com-
pounds and whole products are summarized in Table 2. 
The inhalation minimal risk level for each of the 
BTEX compounds (acute MRL) was determined with the 
results indicating quantities of the components as: benze-
ne 0.05 ppm, toluene 0.02 ppm, ethylbenzene 0.2 ppm,  
o-, m-, and p-xylene 1.0 ppm, and naphthalene 0.002 ppm 
(Research Triangle Institute 1999). 
These mentioned above levels much exceeded the 
analyzed sediment samples (for example human carcino-
gen benzene 0.15–0.53 ppm, toluene 0.12–0.22 ppm) and 
they were lower in case of soil samples (benzene 0.12 and 
0.35 ppm for 9 and 1 soil respectively; toluene 0.03 ppm 
(2, 6, 7 soil), 0.08 ppm (5, 9 soil) and 0.10 ppm (3 soil), 
0.13 ppm (4 soil). 
4. Conclusions 
This paper describes a case study in which three analyti-
cal techniques including GC/MS, GC/FID, and sonication 
were used to identify and characterize oil/grease, total 
petroleum hydrocarbons and volatile aromatic com-
pounds BTEX in soil and sediment samples. Our results 
and data interpretation clearly indicate that: 
1. The contamination of soil/sediment samples by gasoli-
ne/diesel fuel is real and evident. The detected volatile 
aromatic hydrocarbons in soil and sediment samples 
were shown to have originated from gasoline/diesel 
fuels. 
2. Samples of sediments were contaminated by TPH 
compounds, but to a much lesser degree (five times 
less) in comparison with soil sample. 
3. The significant part of total petroleum hydrocarbons 
(TPH) was heavy petroleum product.  
When a sediment is released onto the environment, 
PHCs cause serious damage to the water system, and 
their persistent toxic effect may last for over a long time. 
When treated appropriately by optimizing their biodegra-
dation potential, hydrocarbons degrade occurs naturally, 
and with this, the main part of a PHCs-pollution can be 
eliminated more rapidly. 
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ALIEJŲ IR RIEBALŲ, BENDROJO NAFTOS ANGLIAVANDENILIŲ KIEKIO IR LAKIOSIOS ORGANINĖS 
FRAKCIJOS NUSTATYMAS DIRVOŽEMIO BEI DUMBLO PAVYZDŽIUOSE 
T. Rauckyte, S. Žak, Z. Pavlak, A. Oloyede 
S a n t r a u k a  
Aprašomi nafta užterštų dirvožemio bei dumblo pavyzdžiai, kuriuose dujų chromatografijos būdu GC-FID nustatytas bendrasis naf-
tos angliavandenilių kiekis (TPH), o GC-MS – lakieji aromatiniai junginiai: benzenas, toluenas, etilbenzenas ir ksilenai (BTEX) bei 
naftalenas. Sonifikacijos n-heksane būdu nustatytas aliejų ir riebalų (O/G) kiekis. TPH ir O/G santykis rodo, kad angliavandenilių 
frakcijos yra nuo 7 % iki 87 %. Lakioji organinė frakcija (BTEX) sudaro palyginti mažą bendrojo naftos angliavandenilių kiekio 
(TPH) dalį, o BTEX ir TPH santykis svyruoja nuo 0,1 % iki 0,6 %. Ypač vertėtų atkreipti dėmesį į bendrojo naftos angliavandenilių 
kiekio (TPH) nustatymą dujų chromatografijos būdu, nes galimas lakiosios organinės frakcijos (BTEX) pavojingumas gali būti nepa-
kankamai įvertintas. 
Reikšminiai žodžiai: dirvožemis ir dumblas, aliejai ir riebalai, bendrasis naftos angliavandenilių kiekis, lakieji aromatiniai junginiai. 
ОПРЕДЕЛЕНИЕ КОЛИЧЕСТВА МАСЕЛ, ЖИРОВ, CYММАРНЫХ НЕФТЯНЫХ УГЛЕВОДОРОДОВ И ЛЕТУЧИХ 
АРОМАТИЧЕСКИХ СОЕДИНЕНИЙ В ОБРАЗЦАХ ПОЧВЫ И СЕДИМЕНТА  
Т. Рауцките, С. Жак, З. Павляк, А. Олойеде 
P e зюм е  
Описаны образцы почвы и седимента, в которых способом хроматографии газа GC-FID определено общее количество 
нефтяных углеводородов (TPH), при помощи GC-MS установлены летучие ароматические соединения: бензол, толуол, 
этилобензол, ксилолы (BTEX) и нафталин. Способом сонификации в н-гексане определено количество масел и жиров (O/G). 
Отношение (TPH) / (O/G) свидетельствует о том, что в них содержится от 7% до 87% фракции углеводородов. Летучие 
ароматические соединения составляют относительно небольшую часть cyммарных нефтяных углеводородов, а отношение 
(BTEX) / (TPH) колеблется в пределах 0,1–0,6%. Особое внимание следует обратить на определение общего количества 
нефтяных углеводородов (TPH) способом хроматографии газа в связи с тем, что может быть не полноcтью оценена 
возможная опасность летучих ароматических соединений (BTEX).  
Ключевые слова: почвa/седимент, маслa и жиры, cyммарные нефтяныe yглеводороды, летучие ароматические соединения. 
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